A 66-year old woman (BMI 36) presented for routine followup after undergoing total knee arthroplasty (TKA) in the right knee 12 years ago, and TKA in the left knee 4 years ago. The right TKA was a cementless cruciate-retaining prosthesis (Encore Medical Foundation Knee, femoral component porous coated CoCrMb alloy, tibial component Ti-alloy with 4 screws, PE insert 9 mm). The left TKA was a cemented cruciate-retaining prosthesis (Zimmer Natural Knee II, femoral component CoCrMb alloy, tibial baseplate component Tialloy, PE insert 9 mm). The patient reported only mild problems (knee score 88 points, function score 60 points).
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Radiographs and CT scans revealed extensive osteolysis at the proximal medial tibia of both knees (Figures 1 and 2 ). There was a mild varus malalignment (4°) of both legs. Rota- tional alignment measured on the CT scans showed a rotational mismatch between femoral and tibial components of 8° (femoral internal rotation) in the right knee and no mismatch (1° of femoral internal rotation) in the left knee.
Open biopsy was performed bilaterally to rule out a possible malignancy or infection. Microscopic histological examination revealed chronic inflammation and hisitocytic infiltrates in both knees. Polyethylene particles were observed within the cytoplasma of the histiocytes. There was no evidence of metal debris. All microbiological cultures were negative.
During revision, both tibial baseplates were manually assessed as being well fixed to the lateral tibial bone stock, providing no evidence that baseplate loosening was the cause of the osteolysis. However, upon removal of the baseplates, the cortical bone at the proximal medial tibia was observed to be very thin and completely missing in some regions, as already revealed on the CT scans. Osteolytic defects were filled with autologous cancellous bone and augmented with bone cement, and both knees were implanted with a modular constrained TKA prosthesis.
Wear analysis
The explanted components were disinfected using a 10% formalin solution, air dried, and shipped to the laboratory for analysis. Gross assessment of the components revealed interface surfaces that were consistent with cementless fixation for the right TKA prosthesis (porous coating with bone attachment) and cement fixation for the left TKA prosthesis (matte finish with cement and bone attachment). Both polyethylene inserts had relatively unconstrained articular conformity with insert modularity provided by anterior tabs to achieve a snapfit attachment. The tibial component from the right knee had a central screw to further augment insert attachment. Microscopic assessment of the damage modes and damage patterns on the articular and backside surfaces of the polyethylene inserts was completed using a published Damage Mode Atlas (Harman et al. 2011 ) and quantitative techniques (Harman et al. 2001 (Harman et al. , 2007 (Harman et al. , 2009 (Harman et al. , 2010 .
The polyethylene (PE) inserts had the following distinct features. For both inserts, articular damage occurred on approximately 50% of the articular surface ( Figures 3 and 4) . The insert from the right knee had regions of delamination (< 10% of the area) on both the medial and lateral surfaces and subsurface cracking (approximately 50% of the area). The insert from the left knee did not have any evidence of gross material failure or fracture. Articular damage patterns were asymmetrically rotated on both inserts, consistent with femoral internal rotation (tibial external rotation) of the right TKA and femoral external rotation (tibial internal rotation) of the left TKA.
Damage on the backside surfaces had a roughened, curvilinear stippling pattern covering > 70% of the surface for both inserts, consistent with motion at the modular interface (Figures 3 and 4) . Backside damage area on the left insert was larger than on the right insert. There was evidence of protrusions into screw holes for both inserts, consistent with creep deformation due to weight-bearing loads or removal of material on the surrounding surfaces. Discussion PE wear debris and the resulting foreign body reaction leading to periprosthetic osteolysis is a common cause of failure in cementless TKA, but it occurs rarely in cemented TKA (Benevenia et al. 1998 , Kane et al. 1994 , Lewis et al. 1995 , Peters et al. 1992 , Rodriguez and Barrack 2001 , Sanchis-Alfonso and Alcacer-Garcia 2001 , Vernon et al. 2011 . Differential diagnoses of osteolysis due to polyethylene wear, periprosthetic infection, and benign or malignant tumors must be considered. In cemented TKA, only a few cases of excessive osteolysis causing implant failure have been reported (Ries et al. 1994 , Robinson et al. 1995 , Griffin et al. 1998 , Pagnano et al. 2001 , Hanna and Thornhill 2006 . In our case, there was extensive osteolysis in the proximal tibia of both knees, with a strikingly similar bilateral appearance in clinical images. Differences in component fixation, including cemented and uncemented fixation, and differences in the damage patterns on the PE articular surfaces do not suggest that a unique mechanism contributed to the osteolysis. Contrary to expected performance, the osteolysis occurred in the uncemented prosthesis after a much longer time than with the cemented prosthesis, which showed osteolysis after only 4 years. The articular damage patterns on the left polyethylene insert were unremarkable from a wear point of view. The damage modes (dominated by striations, burnishing, and scratching) and the rotated damage pattern are typical patterns for cruciate-retaining TKA with low conformity in both knees (Harman et al. 2001 (Harman et al. , 2007 (Harman et al. , 2009 . In contrast, the articular damage patterns on the right PE insert showed modes of damage (delamination, subsurface cracking) consistent with high-contact stress and material fatigue.
The risk of generating wear debris increased with the in situ lifetime of the right TKA . The similarity in the extent of bone destruction from osteolysis in these bilateral TKAs is inconsistent with the large differences in wear and functional duration. One possible mechanism contributing to the generation of PE debris is malalignment, leading to excessive eccentric wear Dethmers 1982, Rorabeck 1995) . In an in vitro simulator study, malalignment of more than 3° (varus or valgus) led to higher PE wear in TKA, which is a major reason for loosening (Loer and Plitz 2003) . In our case, the alignment of both TKAs was only 1°, suggesting that axial malalignment was not a major contributory factor to the wear. However, the asymmetric articular damage pattern on the right polyethylene insert was consistent with the mismatch of 8° of femoral internal rotation in relation to the tibial component measured on CT scans of the right knee. This mismatch, combined with the knee kinematics that occur during patient activity, produced an extreme anterior lateral damage pattern with delamination noted on the tibial eminence. Such mismatch and asymmetric damage patterns were not noted for the left TKA, suggesting that malalignment was not a major factor contributing to the osteolysis in that knee. Different wear mechanisms and pathways for debris to access the tibial bone have been reported (Surace et al. 2002) . Wasielewski et al. (1997) assumed that the nonarticular surface wear is the predominant source of the PE debris causing tibial osteolysis. Using autopsy retrievals, Surace et al. (2002) showed that distal penetration of granulomas was aided by the presence of screw holes in cementless prostheses, effectively diverting synovial fluid laden with PE debris from the articular or backside surface away from the tray-bone interface. Conditt et al. (2005) showed that the backside wear was not generated by the extrusion of PE into screw holes within the baseplate, but by abrasion of the underside of the bearing insert creating substantial backside wear that was sufficient to induce osteolysis.
In our case, the backside damage patterns on both PE inserts are consistent with an abrasive mechanism resulting in generation of wear debris and removal of material, to the extent that the alphanumeric labels were generally unreadable. The right knee components, with 4 screw holes in the baseplate and cancellous screws, possibly provided a pathway for the wear debris into the periprosthetic tibial bone (Peters et al. 1992 , Ezzet et al. 1995 , Lewis et al. 1995 , Rorabeck 1995 . However, the left knee did not have cancellous screws, and the screw holes in the baseplate were blocked with small plastic disks. Thus, there appear to have been different pathways for wear debris into the proximal tibia in these two knees.
The cement-implant interface, which is postulated to act as a barrier to prevent osteolysis, was dominated by another mechanism, which cannot be explained by our detailed analysis. The mechanism of osteolysis in the cementless TKA, which showed wear consistent with the duration of function, is comparable to published cases , Robinson et al. 1995 , Hanna and Thornhill 2006 . The similar appearance of osteolysis in the contralateral cemented TKA only 4 years after implantation does not correlate with the low amount of wear observed, or with the absence of ready access to the periprosthetic bone. Thus, it does not appear to represent a classical "particle disease". The osteoclastic mediator RANKL (receptor activator of nuclear factor kappa B ligand) has been linked to osteolysis in cemented total hip arthroplasty (Holt et al. 2007 , Veigl et al. 2007 ). RANKL plays a key role in the development of osteolysis, due to its involvement in the formation of both osteoclasts and foreign body giant cells. However, wear particles have been suggested to act as a stimulus for this process. Koivu et al. (2012) reported osteolysis in early failed total ankle replacement without relevant wear particles which might have been caused by a RANKL-driven chronic foreign body inflammation directed against necrotic autologous tissue. Tissue necrosis (bone and/or soft tissue) might have been caused by local ischemia due to blood vessel damage during the operation, cement-induced tissue necrosis, and/or by obesity causing high mechanical stress. This mechanism may have contributed to the large degree of osteolysis observed in our case.
